Introduction
Efficient use ofthe nitrogen in animal manures is essential for economic and environmental reasons. It requires applying the manure appropriately and making adjustments for this N if commercial fertilizer also is applied.
Estimates ofthe amounts of plant-available N supplied by animal manures commonly are based on amounts ofmanure-N applied. Adjustments are often made for expected losses ofN soon after application. These estimates are made with the knowledge that there is unpredictable variability in amounts ofN rendered unavailable by ammonia volatilization, surface runoff, inunobilization, leaching, or denitrification. Although it is known to be substantial, there has been no practical method for addressing this variability.
Advances in soil testing and plant analysis have provided new tools for estimating amounts of plantavailable N in soils. Soil testing for nitrate when com plants are between 6 and 12 in. gives estimates ofN availability just before it is needed by the crop. This test can be used to evaluate theN-supplying power of manure applied to cornfields.
In this study we use soil testing and yield response measurements to learn more about the relationship between rates ofmanure-N application and amounts ofN available to com. The study centers on liquid swine manure from modem confinement buildings to minimize differences in quality of manure applied.
Materials and Methods
Trials evaluating the response of com to commercially prepared N fertilizers were conducted in 94 manured cornfields. Each field had been spread with liquid swine manure by farmers using their normal practices. The trials were distributed across 28 Iowa counties from 1992 through 1996. Sites were selected to include variety with respect to common soil types, rates of application, methods of application, and times of application. Soil and crop management practices (except N fertilization) were those normally used by each farmer.
Manure analysis was available for approximately two-thirds of the sites. Published guidelines (Iowa State University Bulletin Pm-1164) were used to estimate manure-N content for the remaining sites, and to estimate plant-available N.
Each trial consisted of 16 plots arranged in a randomized complete-block design with 4 replications. Plots were 40ft long and 6 rows wide for 30 in. spacings or 4 rows wide for 36-38 in. spacings. Soil san1ples were collected when com plants were 6 to 12 in. tall (ground to whorl). Each sample (12 in. depth) was derived from a composite of 32 cores collected from each block. Immediately following soil sampling, four rates ofN (0, 30, 60, and 90 lb N/acre) were broadcast on the soil surface. In 1992 In , 1993 In , and 1994 N was applied as an1monium nitrate; in 1995 and 1996 N was applied as urea.
Relative yields were used to indicate whether plants on manured plots (without fertilizer N) had sufficient N to maximize yields. Relative yield is defined as yields without conm1ercial fertilizer expressed as a percentage of the maximum yield obtained by adding fertilizer at that site. Maximum ~~eld within a site was considered to be the mean of the 2 highest-yielding N treatments. Relative yields less than about 95 % indicate inadequate N .
Results and Discussion
Rates of manure application showed no useful relationship with relative yields (Fig. 1) . This relationship was not improved by considering the quantity ofN applied according to laboratory tests of manure (Fig . 2) or published guidelines (Fig. 3) . Using these same guidelines to adjust N rate for method of application did not result in a noticeable improvement (Fig. 4) ,,
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Soil nitrate-N concentrations in late spring, after early-season losses ofN have occurred, showed a useful relationship with relative yields (Fig. 5) . Soils that tested above 25 ppm-N usually supplied adequate N for the crop. Soils testing below 25 ppm-N usually did not supply adequate N for the crop .
. .
• None ofthese observations conflict with observations that recently manured soils tend to have more plantavailable N than do non-manured soils.
Conclusion
Knowledge ofthe amounts ofmanure-N applied does not provide reliable predictions as to whether com crops will have adequate N. Better predictions can be made by measuring concentrations of soil nitrate in late spring, which is after early losses of manure-N have occurred. These measurements also should help to identify methods of application that minimize losses of manure-N sufficiently that knowledge of amounts ofmanure-N applied will enable useful predictions ofN availability to plants.
